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drastically improving the uptake of measles vaccination in the
community and by finding more effective prophylaxis for those
immunocompromised patients known to have been exposed to the
measles virus. If the vaccine uptake in the general population were
to be increased to over 90% as it is in the United States of
America,'2 13 as opposed to 50-60% as in some parts of the United
Kingdom,'4 the herd immunity would be much improved and the
risk of contact for those still susceptible would be greatly reduced.
Children who are immunocompromised during the period of
treatment (which can last up to three years) and for several months
thereafter are encouraged to lead as normal a life as possible
including attendance at school, though parents and teachers are
warned about avoiding contact with infectious diseases. Several
recent reports"'7 have shown that a major effort by the primary
health care and community medicine teams can increase immunisa-
tion uptake enormously with subsequent benefit for the community
(measles can still cause mortality and morbidity in otherwise healthy
children)'8 9 as well as for special groups like immunocompromised
patients. Even if the problem of the partial failure of the immunisa-
tion programme could be overcome, however, effective prophylaxis
would still be needed and a trial of a new high dose intravenous
hyperimmune globulin which has been produced by the Scottish
National Blood Transfusion Service is being undertaken at the four
centres which participated in this study and at the Royal Victoria
Infirmary, Newcastle. It is proposed to investigate the use of a
newer high dose interferon, possibly in conjunction with the high
dose intravenous immunoglobulin, as treatment in complicated
cases.

We thank Dr Judith Chessells of the Hospital for Sick Children, Great

Ormond Street, London, for permitting us to include her patients and Mrs
Mary McAllister and Mrs Maureen Marshall for secretarial work.
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Live measles vaccine: a 21 year follow up

CHRISTINE MILLER

Abstract

21 years after receiving Schwarz strain live measles vaccine 4500
trial participants showed a continuing high level of protection
compared with those who were unvaccinated. Over the last seven
years of the follow up no cases of measles were reported in
vaccinated participants who had had close contact with the
disease.
Immunity induced by the vaccine seems to survive the chal-

lenge of close contact with measles in young children, even after
21 years.

Introduction

In September 1964 a Medical Research Council trial began in
England and Wales to assess the immediate ardu long term protection
afforded by measles vaccines. Over 36 000 children aged between 10
months and 2 years were randomly allocated either to receive live,
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further attenuated measles vaccine alone (9538 children) or four
weeks after an injection of killed vaccine (10434) or to remain
unvaccinated (16239). Those who had a history of measles were
excluded from the trial. Both vaccinated and unvaccinated children
(including those ineligible because of illness and those who
defaulted from vaccination) were followed up by a nurse at three,
six, and nine months to assess clinical reactions to the vaccine and
establish the incidence of measles in each group.
Four previous reports have been published. The first described

the design of the trial and covered the initial six months of the follow
up. ' The second and third reports gave the results at two years nine
months2 and four years nine months,3 respectively, and the fourth
reported 12 years after vaccination.4 The present report gives the
results for a further nine years up to September 1985, 21 years after
vaccination.

Subjects and methods

As previously stated,2 3 the number of participants in the trial was reduced
after the first nine months. Over 2000 children from each of the three vaccine
groups were lost to follow up when five of the participating local authority
areas withdrew from the trial to take part in a community investigation.5 In
addition, because of an undertaking given at the outset of the trial,
vaccination was offered to the control group after the first nine months; 7000
children were vaccinated and were therefore lost to follow up as controls.
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Because of this from 1969 the unvaccinated group was extended to include
those whz, had defaulted or were ineligible for vaccination in 1964 as well
as the original randomly allocated controls; this was considered to be
justifiable as the incidence of measles in all three unvaccinated groups was
similar.4
From October 1965 a yearly postal inquiry was sent to parents, and later to

the participants themselves, from the Epidemiological Research Laboratory
oftle Public Health Laboratory Service. The inquiry asked ifthe participants
had had measles or close contact with measles since the previous year, and
the details of any contact were requested. An accompanying letter gave
information about the trial's progress. Two further approaches were made if
there was no response. Participants from whom no reply was received for
three successive years were excluded from further follow up.

For each case of measles reported by a parent or participant confirmation
was sought from the general practitioner. Ifthe patient had not been seen by a
doctor or if rarely the doctor did not reply the case was taken to be
unconfirmed. Those who reported an attack of measles that was confirmed
by the doctor were no longer followed up; where the doctor gave an
alternative diagnosis the participant was informed and remained in the trial.
Unvaccinated participants who were vaccinated under the national scheme
were also excluded after the date of vaccination.
By 1976 postal contact had been maintained with about 5500 participants

in each of the two vaccinated groups and 600 in the unvaccinated group.
From 1976 to 1985 the average yearly response to the inquiry was 94% in the
two vaccinated groups and 85% in the unvaccinated. By September 1985,
when the twenty first year of follow up was complete, the numbers of
participants responding in the three groups was 4585 (live vaccine), 4761
(killed and live vaccine), and 296 (unvaccinated).

Vaccines-The freeze dried further attenuated live vaccine was prepared
by Glaxo Laboratories from the Schwarz strain ofmeasles virus derived from
the Enders-Edmonston B strain (now in use as Mevilin-L, Evans Medical).
The killed vaccine (withdrawn in 1968) was prepared by Pfizer Ltd from the
Enders-Edmonston B strain.

Results

ATTACK RATE IN VACCINATED AND UNVACCINATED PARTICIPANTS

From 1964 to 1969 the average percentage protection given by live vaccine
was 91% in all participants and 94% in those who reported close contact with
measles.3 From 1969, because the unvaccinated group then comprised
defaulters and those ineligible for vaccine as well as allocated controls, the
percentage protection was no longer calculated.4 In the two four year
periods 1969-72 and 1972-6, however, the difference in the incidence of
measles between unvaccinated and vaccinated participants was highly
significant (p<0-001)4; over the last nine years (table I) the incidence in the
unvaccinated group was 15 times that in the group injected with live vaccine
(p<0-001). Figure 1 shows the yearly incidence of confirmed measles/1000

TABLE I-Incidence ofconfirmed cases ofmeasles according to vaccine group 1976-85

Confirmed cases of measles

Vaccine group No of participant years No Rate/1000

Live vaccine 43955 23 0 5
Killed and live vaccine 45546 40 0 9
Unvaccinated 3446 26 7-5
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only five cases (three ofthem in the unvaccinated group and two in the group
vaccinated with killed and live vaccine) were described as severe, and
no complications or deaths were reported. One girl in the group vaccinated
with killed and live vaccine developed measles (confirmed serologically) in
the fourth month of pregnancy, which continued without incident to the
delivery of a normal baby.
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FIG I-Incidence of measles/1000 participants by vaccine group 1964-85.
Unvaccinated. 0-* = Killed and live vaccine. - - - = Live vaccine.

MEASLES AFTER CLOSE CONTACT

A history of close contact with measles was accepted only when it related
to members of the family, children of friends, room mates, or a working
contact with children. The incidence of reported contact varied among years
but in each year was similar in all three groups. Figure 2 shows the yearly
incidences of contact for the three groups combined, together with the
number of yearly notifications of measles in England and Wales. The highest
incidence of reported contact (17%) was in 1966-7, the year of the last major
measles epidemic before vaccination was introduced nationally, when the
participants were aged 3-4 years. The incidence decreased to 1% from 1975
to 1980, but in 1981 it increased and has since remained at around 3%,
although there has been no sustained increase in the number of measles
notifications over these years (figure 2).
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participants in each group during the 21 years. In unvaccinated participants
the incidence was highest in the first years of the trial, when the pattern
followed that of measles notifications in England and Wales (fig 2). There
was no sustained or significant increase in the yearly incidence during the 21
years in either vaccinated group; in the group given live vaccine this
remained under 1/1000 participants from 1974.

SEVERITY OF MEASLES

During the 21 years doctors assessed more cases of measles as being mild
in vaccinated than in unvaccinated participants. The difference was highly
significant (p<O-OOl) between 1964 and 1972, but as reported cases became
fewer the difference was no longer significant. During the last nine years

1965 67 69 71 73 75 77 79 81 83 85

Year
FIG 2-Percentages of participants who reported close contact with measles and
number of notifications of measles 1965-85 (England and Wales).

Contact was mainly reported as occurring in the family, in the first seven
years from participants' siblings and in the last five years from their own,
their siblings', and their friends' children. Recently, contact has also been
reported from those working as nurses and teachers.
The difference between the incidences of measles in vaccinated and

unvaccinated participants who had been in contact with measles was highly
significant (p<O0OOl) in each of the three seven year periods ofthe trial (table
II); in the last seven years no cases of measles were reported among
participants in the group injected with live vaccine who had been in contact
with measles.
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TABLE II-Percentage incidence ofmeasles in trial participants after close contact wnith
measles

Vaccine group 1964-71 1971-8 1978-85

Live vaccine 3-7 4-5 0
Killed and live vaccine 6-5 4-9 0-7
Unvaccinated 79 5 47-7 11-3

PERSISTENCE OF ANTIBODY IN VACCINATED PARTICIPANTS

Serum from 47 participants injected with live vaccine, in whom measles
haemagglutination inhibition antibody had been detected 10 years after
vaccination, was tested five years later, together with the previous
specimens. Of the 47 pairs tested, 38 (81%) gave the same results or were
within a twofold increase or decrease ofeach other. In three pairs there was a
greater than twofold decrease-to titres of 64, 32, and 32-but none had
fallen below 8. In six pairs there was a greater than twofold increase. In 1974
one participant who had received live vaccine showed no detectable measles
antibody. This child developed measles the next year and was not retested in
1979.

In 1974 serum from 37 unvaccinated participants was tested. Despite
reporting on entry to the trial and subsequently each year that they had not
had measles 25 of the 37 had antibody titres of between 16 and 256. Of the
remainiing 12 who did not have the antibody in 1974, seven had had measles
by 1979 and three others had been vaccinated; these participants were not
retested in 1979.

Discussion

The 21 years since these children received measles vaccine
represents the longest follow up so far reported for a vaccinated
cohort of this size. Over the last nine years the size of the vaccinated
groups remained remarkably stable, with over 4500 participants
in each group still responding every year to the inquiry. The trial
shows that live Schwarz strain measles vaccine has continued to give
a high level of protection throughout the 21 years, and preliminary
data from 1986 extend this to 22 years. The strain and dose of tissue
culture are the same as those in two of the three current measles
vaccines that now contain improved stabilisers. The combined
killed and live vaccine schedule is of only historic interest as no
killed vaccine has been used in the United Kingdom since 1968.
Nevertheless, this group also showed considerable protection, and
no serious atypical measles cases6 7 were reported.
The 23 confirmed cases of measles during the last nine years in

participants injected with live vaccine are not an indication of
waning protection. The number of cases has not increased over the
years and is more likely to be due to the initial failure of the antibody
response, which was seen in 4-8% of children in 1964.' Measles in
subjects who had a documented history of vaccination at the age of
12 months or over has been reported both in the United States and
the United Kingdom89; from the present study there is no such
evidence of vaccine failure. Continued susceptibility was shown by
26 confirmed cases of measles in unvaccinated participants over the
last nine years as well as by the seven cases among 12 unvaccinated
children who did not have antibody in 1974. The antibody study
also shows the occurrence of measles without clinical signs, as 25 of
37 unvaccinated participants had antibody but did not have a
history of measles.
Some cases of measles in vaccinated participants were described

by the doctors as extremely mild, and without a known contact the
diagnosis must be doubtful. In participants given live vaccine who
reported a close contact with measles, however, an impressive

protection provided by the vaccine was seen over the three periods
of the trial. No cases occurred after-contact in the last seven years,
although opportunities for contact evidently increased. This is in
contrast with a report from the United States where, in an outbreak
of measles in a college, the incidence among vaccinated students
increased with the time elapsed since vaccination9; this may,
however, have been partly owing to poorer documentation for older
students. '0 IT must be remembered that, unlike in the United States
where measles is now a noteworthy event, measles in England and
Wales remains endemic, with around 90 000 cases notified a year.
There is therefore ample opportunity for antibodies induced by
vaccine to be boosted, and in the small sample of vaccinated
participants tested 10 and 15 years after vaccination six of47 showed
evidence of this.

In our trial the number of cases that doctors assessed as being
severe decreased as participants grew older, and there have been no
deaths since two unvaccinated children died in the first six months.
This again differs from experience in the United States, where, in an
outbreak of 128 cases in college students, three deaths from
respiratory complications occurred.'
The history ofclose contact with measles reported by participants

over the vears shows an interesting pattern. The decreasing
incidence of contact as the children grew up was to be expected, as
measles is still most prevalent in the 1-4 year age group, with whom
12-16 year olds mix less. The increased contact reported as the
participants reached 18-20 years, however, shows that, as with
rubella, the risk of infection in those susceptible is related to age,
with children in the family being the most common source. It is
reassuring that after 21 years immunity induced by the vaccine
seems to survive the increasing challenge of close contact with
measles in young children, because unless acceptance of the vaccine
in the United Kingdom increases appreciably from its current level
of 60-70% this challenge is likely to continue.

The study was performed under the auspices of the measles vaccine
subcommittee of the Committee on Development of Vaccines and Immuni-
sation Procedures (chairman Professor J E Banatvala). The subcommittee is
grateful to Mrs E Burns and Mrs D Moffatt for their work in maintaining the
high level of follow up.
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